Abstract-This paper presents microstrip transmission lines for designing a microstrip open loop resonator bandpass filter and a novel dual band transmitter. Microstrip open loop resonator bandpass filter with the dumbbell DGS under feed lines enhances the harmonic suppressed at the center frequency of 2.44 GHz. An asymmetric dumbbell DGS-integrated microstrip line is applied to the dual band transmitter which performs as a frequency doubler at 6.8 GHz or a power amplifier at 2.4 GHz. For the proposed bandpass filter, it has a wide stopband characteristic with attenuation −25 dB up to 8 GHz and has an −1.25 dB insertion loss by using two dumbbell DGS. Measurements of the dual band transmitter show that in frequency double mode, fundamental suppression and maximum output are −41 dBc and 7.8 dBm. And in amplifier mode, second harmonic suppression, P1 dB and gain achieve −52.6 dBc, 13.7 dBm and 16.5 dB, respectively.
INTRODUCTION
In 2002, the IEEE extended the 802.11 b standard to higher data rates up to 54 Mbps by using the OFDM modulation of the 802.1la standard in the 2.4 GHz band [1] . And 802.1l g standard which is compatible to 802.11 b and offers 54 Mb/s data rate was proposed by IEEE in 2003 to suffice the requirements [2] . The continual growth of wireless LANs is being driven by the need to lower the costs associated with system and simplify the composition of devices. Recently, DGS for planar microstrip transmission line has drawn a wide interest because of their extensive applicability in active and passive RF circuits [3] . It has the characteristics of stop-band, slow-wave effect and high impedance which have been developed to suppress the harmonics and realize the compact physical dimensions of RF circuits [4, 5] .
In this paper, open loop resonator bandpass filter and the dual band transmitter design techniques for wireless LAN transmitter are presented. For the proposed DGS, its equivalent circuit and the stop band characteristics of the microstrip DGS are analyzed and simulated. By changing the dimensions of dumbbell-shape DGS, a improved open loop resonator bandpass filter for WLAN is proposed which provides much larger suppression in the rejection area including the image signal and in-band signal harmonic than the convention one. This filter is characterized with two transmission zeros, low insert loss, and high out-of-band rejection. And the dual band transmitter works as a power amplifier which satisfies the 802.11 b/g frequency band of wireless LAN standard, and it also performs as a frequency doubler with the stop band characteristics of DGS according to the input frequency and bias. Compared with a conventional dual band wireless LAN transmitter, the proposed dual band module operates as an amplifier for the 802.11 b/g signal and as a frequency doubler according to signal frequency which shows well performance in experiment results.
RF DEVICES DESIGN WITH DGS

Bandpass Filter Design
The configuration of bandpass filter has a perimeter about half wavelength as Fig. 1(a) shown, comprised of two microstrip open loop resonators. The electrical coupling between resonators is utilized to achieve the selective performance. Note that the shapes of the resonators do not need be square. It may be rectangular, circular or meander open loop as it could be adapted for different substrate size [6, 7] . The inter-resonator couplings are realized through fringe fields of the microstrip open loop resonators [8] . Taking the center frequency at 2.44 GHz, the perimeter of the resonator is b = 9.5 mm and outer side length of the resonator is a = 14 mm. The separation between two rings is s = 0.6 mm to obtain good amount of coupling. Input/output lines have the same width of w = 2.82 mm for 50 Ω impedance and the length of l = 10 mm. A pair of symmetric dumbbell DGS was proposed to reject harmonic frequency components. The DGS applied to a microstrip line causes a resonator characteristic which could be controlled by changing the shapes and size of the slot [9] [10] [11] . As we known, the slow-wave factor of the microstrip line is defined by square roots of effective dielectric constant and the value lies between dielectric constant of air and substrate. But the effective dielectric constant of the microstrip line with DGS is greater than substrate dielectric constant. So, the slow-wave factor increases with inclusion of DGS, which enhances the coupling between lines [12] . As a result, we achieve better passband performance. Fig. 1(b) shows the proposed two DGS under both input and output feed lines. The two dumbbell-shape DGS are separated by a distance s 1 = 8 mm, and the distance between the second dumbbellshape and the loop is s 3 = 14 mm. DGS cell consists of two rectangular slots of length a 1 = 6 mm and width b 1 = 4 mm which are connected by a thin transverse rectangular slot of width g 1 = 1.5 mm and length g 2 = 11.1 mm symmetrically under 50 Ohm microstrip lines with width w = 2.82 mm and length L 1 = 30 mm. Fig. 1(c) shows the input and output DGS transmission lines which behave as a lowpass filter with cut off frequency 3.66 GHz. So they allow the fundamental frequency at 2.44 GHz to pass but attenuate other harmonics at 4.88 GHz and 7.32 GHz. 
Dual Band Transmitter Design
In active circuits, harmonic components could be generated from nonlinear semiconductor devices such as Schottky-barrier diodes, varactor diodes, step-recovery diodes (SRDs), and transistors. For active frequency doubler and amplifier, controlling the conduction angle of the signal carrier by the input dc-bias voltage is the main source of harmonic signal generation [13] . As active devices, especially for dual band transmitter the frequency doubler operating at the second harmonic and the power amplifier at the fundamental frequency, the optimum impedances for the maximum powers at both bands and are different. Several factors such as harmonic suppression, impedances matching, bandwidth and insertion loss should be taken into consideration. The dual band transmitter using microstrip line DGS which works at 2.4 GHz and 6.8 GHz wireless LAN applications is shown in Fig. 2 . It consists of a filter, power gain controller (PGC), voltage controlled oscillator (VCO) operating from 2.4 GHz to 3.4 GHz and the amplifier/ frequency doubler module for dual band transmitter. As most conventional dual band transmitter of the wireless LAN system used two separate RF modules for both bands, it requires a power amplifier at each band [13] . Those structures usually require different a voltage controlled oscillator (VCO) for each band. And the VCO should work in very broad bandwidth.
Here DGS circuit was used due to a number of attractive features. First, the DGS structure is very simple and it is easily simulated or fabricated and this is suitable for periodic structures design. They have been presented in a number of different shapes for filter applications [14, 15] . Second, its stop band characteristic could be used to suppress certain harmonics. And the amplifier could improve its efficiency by the harmonics suppression and reduce size due to its slow wave effect [16] . Third, its insertion loss is much lower. Extremely small insertion loss values for implementation of RF circuits can be realized. The validity of the modeling method for the proposed DGS unit section and the design method is verified by experiments [17] [18] [19] [20] [21] . The DGS applied to a microstrip line causes a resonant character of the structure transmission with a resonant frequency controllable by changing the shape and size of the slot. Figs. 3(a) and (b) show the proposed DGS structure and its equivalent circuit. In this paper, an asymmetric dumbbell module was proposed. The dimensions of the dumbbell are the following: a = 3.8 mm, b = 5 mm, s = 4 mm, d = 9 mm, g = 0.3 mm, a 1 = 3.9 mm, b 1 = 5.2 mm and g 1 = 0.28 mm. The equivalent circuit model with two LCRnetwork resonators for the proposed DGS model is shown in Fig. 3(b) . The resonant characteristics are modeled by a LC-resonator, and the radiation effect and loss are considered by including resistor, R. Based on the transmission line theory and the spectral domain approach, the equivalent circuit parameters can be expressed using the following equations:
where Z 0 is the 50 Ω characteristic impedance of the transmission line, f 0 is the resonant frequency, and ∆f is the −3 dB bandwidth of S 21 . The stopband characteristic of DGS with different distance d which is the length between two rectangular lattices was shown in Fig. 4 . When d decreases from 10 mm to 8 mm, the attenuation poles move to higher frequency from 3.2 GHz to 3.6 GHz. Usually, the DGS is fabricated to have a wide stopband bandwidth. Here the proposed DGS is designed to achieve the stopband bandwidth which could satisfy the demands of the dual band transmitter from 3.4 GHz to 4.8 GHz. The proposed power amplifier works at 2.4 GHz for 802.11 b/g is the other mode of the dual transmitter. The designed dual band circuit based on small signal has been analyzed by large signal with tuning of broadband matching circuits in order to accomplish power gain, linearity and maximum power [20, 21] . So when the module operates as the amplifier, the second and third harmonic to the fundamental power at input frequency of 2.4 GHz are suppressed by the stopband characteristics of DGS. The input matching circuit is constructed to transmit the input frequency of 2.4 GHz to 3.4 GHz, and to suppress 3.4 GHz signal which back from output of the amplifier by a LPF structure in Fig. 5 . Also output matching circuit is designed to amplify 2.4 GHz and 6.8 GHz output combined with the microstrip DGS.
As the advantages of DGS mentioned above, the proposed dual band module has a stopband characteristic to suppress the fundamental power of the frequency doubler as well as the second harmonic of the amplifier. 
RESULTS AND DISCUSSIONS
Bandpass Filter
The layout of the filter fabricated on a TLX substrate with thickness of 1 mm and dielectric constant of 2.55. The conventional and proposed bandpass filters were simulated with HFSS commercial software and the scattering parameters were experimentally measured using Agilent make Vector network analyzer of model N5230A. We observe the passband center frequency at 2.44 GHz and the 3-dB rejection bandwidth of 200 MHz as shown in Fig. 6 . We measure the −20 dB-rejection bandwidth of 900 MHz and passband insertion loss of −0.73 dB. The measure result almost comply the simulated result and obtained small differences in insertion loss and bandwidth due to fabrication tolerance. It shows higher harmonics centered at 4.88 GHz and 7.32 GHz. As mentioned above, the photograph of the filter by using DGS under the both feed lines to improve performance is shown in Fig. 7(a) . It has been distinctly observed in Fig. 7(b) that the filter has a wide stopband characteristic with attenuation −25 dB up to 8 GHz using two dumbbell-shape DGSs. Due to finite insertion loss of lowpass filter characteristic of DGS transmission lines, the insert loss of the filter is −1.25 dB which is a little larger than the conventional one. 
Dual Band Transmitter
The proposed dual band transmitter was fabricated by using microstrip circuit with HITTITE HMC313 GaAs InGaP Heterojunction broadband MMIC. The substrate parameters are ε r = 3.48, and tan δ = 0.002. The photograph of 2.4 GHz and 6.8 GHz transmitter is shown in Fig. 8 . Fig. 9 shows the simulated results as well as the measured performances of the proposed DGS. Obviously, good agreement can be observed between the measured and simulated result, except that there is a little frequency shift at the second attenuation pole at 4.8 GHz. There are two transmission zeros which are important in practical applications on the stopband. They achieved −41.3 dB and −52.6 dB at the frequencies of 3.4 GHz and 4.8 GHz, respectively. The insertion Fig. 10(a) shows the experimental results of fundamental power rejection in frequency doubler mode. When the fundamental input power is 0 dBm at 3.4 GHz, it is suppressed below −40 dBc and the output of second harmonic is about 4.5 dBm at 6.8 GHz. The maximum output power achieves 7.8 dBm in frequency doubler mode due to the input power amplified. Fig. 10(b) shows the measured results of the suppression with input power of 1 dBm at 2.4 GHz in power amplifier mode. As it is shown, the second harmonic is suppressed below −51 dBc. The gain of power amplifier is about 16.5 dB and its P1 dB achieves 13.7 dBm. 
CONCLUSIONS
This paper demonstrates that a DGS-integrated multifunctional microstrip lines could be successfully used to improve circuit performance in a simple way. The improved the open loop square resonators passband filter with a pair of transmission zeros achieves better bandwidth and low insertion loss. Two pairs of DGS structures are etched under input and output feed line. The proposed filter with DGS has an −1.25 dB insertion loss and which affects very little on passband performances and reduces the spurious frequencies successfully with attenuation −25 dB up to 8 GHz. The measured results agree well with the EM simulated results. These DGS-loaded microstrip lines were applied into designing a dual band transmitter and bandpass filter. By the stopband characteristics of proposed DGS from 3.4 GHz to 4.8 GHz, the second harmonic of the amplifier and fundamental power of the frequency doubler were suppressed. the P1 dB and gain achieve 13.7 dBm and 16.5 dB, respectively. In the frequency double mode, fundamental suppression and maximum output are −41 dBc and 7.8 dBm at 6.8 GHz. The implementation and performance measurement shows that the proposed DGS will be useful in the development of microstrip circuit design.
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